The rotation function represents the sum of a point-by-point product of two different Patterson functions rotated with respect to one another. The magnitude of the rotation function can be plotted in a three-dimensional space where the three coordinates are measures of the three angular rotations. The space group of the rotation function expresses the relationship between equivalent rotations where identical magnitudes would be recorded. This symmetry depends upon the symmetry of the two original Patterson functions and the nature of the choice of the variables used to express the rotations. The rotation function need to be evaluated only over the asymmetric unit in rotation space. A simple method is described for obtaining the symmetry of the rotation functions in terms of Eulerian angles. The latter are shown to have considerable advantages over other choices of variables.
Introduction
The rotation function was derived by Rossmann & Blow (RB) in 1962. It has been used in determining the orientation of a known or unknown group with respect to another identical group either in the same or in a different crystal. The method bears much resemblance to the method used so successfully by Nordman & Nakatsu (1963) , and much of the content of this paper will be equally true for their techniques. In both cases the amount of computing required is formidable. It is therefore essential to be able to calculate a priori the range of angles which needs to be explored before all independent rotation operations have been considered. A method for calculating the range of angles required is discussed in this paper. This method is general and easy to apply in contrast to the special and somewhat arbitrary procedure of RB.
The rotation space group
Let us rewrite the rotation function in the form
R= IJE(Xz)Px(X1)dX1
( 1) where we are comparing the Patterson function P1 at Xx with the Patterson function Pz at X2. The position vectors X1 and X2 are referred to a common orthogonal coordinate system in real space, and satisfy the relationship.
Xz=
for all points within the volume U. The matrix [4] describes the rotation which transforms Xl into X 2. The Patterson functions P1 and P2 may be the same functions, or may be different when derived from two different crystalline forms of the same molecular species.
* On leave of absence from Carnegie Laboratory of Physics, University of St. Andrews, Queens College, Dundee, Scotland.
The symmetry of the two functions PI and P2 within the volume U will fall into one of eleven Laue groups. In considering the symmetry of the rotation function, R, it is only necessary to consider the symmetry elements of the Laue group which describe proper rotations, that is, rotations without inversion. Thus, for each of P2 and P1 a 'proper rotation group' can be written down. A proper rotation group contains all the proper rotations present in the corresponding Laue group, of which it is a sub-group. For example, 222 is the proper rotation group of Laue group mmm.
If the symmetry operations of the proper rotation groups of P1 and Pz are described by the sets of matrices [T,] and [Tj], respectively, then will have the same value for all [Td and [Tj] . Note that [Td and [Tj] are symmetry operations applied to the orthogonal coordinates as listed by Patterson (1959, p. 63) 
then (el' t~2' 0~3') and (cq 0C 2 0C3) are equivalent sets of rotation angles. They represent equivalent positions in the space defined above. The combination of all the symmetry operations of this type forms the rotation space group, an example of which is given by RB. Let us define jSi as the symmetry operation which results from satisfying one of the equations (5 
Now the symmetry operation jS satisfies (7). Thus the total symmetry operation which satisfies (4) is a 'product' of S~ and iS, where multiplication implies successive application of S~ and iS.
As there are only eleven proper rotation groups there will only be eleven different results for S~ and for iS. In general, therefore, to determine the rotation space group for any desired rotation function we need only look up S~ and ~S for the proper rotation groups of the Patterson functions P1 and P2 respectively. Multiplication, in the sense defined above, of these two sets of symmetry operations leads to the complete set jS~ which describe the equivalent general positions of the rotation space group.
The relationship between the symmetry operation iSi and iSj
The order in which the Patterson functions are arranged in equation (1) 
For all proper rotation groups, other than the cubic groups, jS~ takes the form
where the a's and b's are constants for a particular rotation group. Hence, from relationship (9), the ~Sj have the form
Thus, from (10) and (11) the ~Sj can be derived from the jSi.
Tabulation of all possible symmetry operators iS and Si
The Eulerian angles (010203) are particularly useful for describing the symmetry operation S~ as they take a simple form for all but cubic groups. Apart from these cases the S~ can be described by symmetry planes and axes in the Eulerian variable space, and hence a rotation space group can be written down. The cubic groups lead to symmetry relationships of a different type and these are discussed in the next section. Table 1 lists the eleven Laue groups, the corresponding proper rotation groups, the rotation axes with their directions relative to the Cartesian set X, and the Cartesian unique set of axes required to define the proper rotation groups. Table 2 lists the forms of jS and S~ for each of the symmetry elements which can occur in the proper rotation groups apart from cubic groups. An example of the derivation of S~ is the case of a twofold axis along [010] . In this case 0 0)
We are now required to find a set of Eulerian angles 0~ 02 0; which go to form the elements of the matrix Let us now take, as an example, the determination of the rotation space groups in Eulerian variables when P1 has symmetry Pmmm and P2 has symmetry P2/rn. symmetry operators S 1 and aS are n-glide planes in 0x, 02, 03 space perpendicular to 02, 28 is a b-glide plane perpendicular to 03 and $3 divides the total cell into two identical parts along 01. The latter combined with $1 or 18 leads to a c-glide plane perpendicular to 02. The combination of these operations gives two cells each of space group Pbcb, keeping the order 010203 (Fig. 1) .
The non-linear symmetry relationships
If one attempts to develop the forms of Si for the cubic groups in terms of (080203) 7~--01, if'l•" 02, 03 (82) where the operations to obtain these positions are given in brackets after them. Multiplication implies the application of the operators consecutively. Alternatively the space group can be found by recognizing that the * The necessity of considering this operation arises out of the peculiar property of Eulerian angles, namely that there are always two related sets of operations which produce the same orientation. Another peculiar property is that in the plane 02 = 0 all magnitudes for which 01 + 03 is a constant are identical. This leads to a twofold axis in this plane. lationship between (cq ct 2 %) and (~1 c~2 0~3)cannot be written down as a linear transformation, and hence cannot be exp~,essed as symmetry planes and axes in the appropriate variable space. An example of such non-linear symmetry operations is obtained when [0] (i i)
is operated on by [Td= which represents a 0 threefold axis along Ill. The relationship between (0~ 0; 0;) and (01 02 03) in this case is (-7r/3 + 01, 02, 03) (01, 02, zt/3 + 03) (3rt/2--01, zr-02, ~+03) (7/'+01, zr-02, -37r/2--03) * This axis is not unique (that is, it can always be generated by two other unique axes), but is included for completeness.
0'
0' COS 1 = --COS 2
• t sin 01 = -cos 01 sin 02/sin 0 2 sin 0~-(-sin 01 cos 0 2 sin 03+cos 01 COS 03)/sin 02 cos 03=(--sin 01 cos 02 cos 03--cos 01 sin 03)/sin 02 cos 02= sin 01 sin 02 sin 02 = + [sin 2 01 cos 2 02 + cos 2 0,] * • This is a threefold operation, in the sense that the application of this operation three times brings the original point back on itself. It is consistent with the infinite lattice in (0x 02 03) space and can combine with other linear or non-linear operations to form a group, although it cannot be described by one of the 230 space groups.
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